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M a n u s c r i p t 6 antibodies used were horseradish peroxidase-conjugated anti-mouse and anti-rabbit antibodies 121 (Sigma). Culture dishes were purchased from Falcon Plastics (Becton, NJ, USA). 122
123
Cell culture. The FRO and ARO human anaplastic thyroid cancer cell lines were a generous 124 gift from Dr. James Fagin (Memorial Sloan-Kettering Cancer Center, NY, USA). The ML-1 125 follicular thyroid cancer cells were provided generously by Dr. Johann Schönberger 126 (University of Rosenburg, Germany). FRO and ARO cells were cultured in RPMI 1640 127 medium and ML-1 cells were cultured in DMEM medium supplemented with 10% FBS, 1% 128 non-essential aminoacids, 2 mM L-glutamine, 50 U/ml penicillin and 50 g/ml streptomycin 129 and were grown in a water-saturated atmosphere containing 5% CO 2 and 95% air at 37 o
C. 130
The day before an experiment the medium was removed and replaced with RPMI containing 131 5% dextran-treated-charcoal-stripped FBS. 132 133 3 H-thymidine incorporation assay. Cell proliferation was determined using 3 H-thymidine 134 incorporation (Amersham, Buckinghamshire, UK). For the assay 50 000 cells were cultured 135 for 48 h on 35-mm plates in a water-saturated atmosphere containing 5% CO 2 and 95% air at 136 37 °C followed by 24 h of treatment with the indicated concentrations of PMA. At the day of 137 the experiment, the cultures were pulsed with 3 H-thymidine (0.4 μCi/ml) for 4 h of 138 incubation. Cells were washed three times with ice cold PBS followed by a 10 min 139 incubation with 5% perchloric acid and another 10 min with 0.1 N NaOH. Cells were 140 harvested and radioactivity was counted using a Wallac 1410 liquid scintillation counter 141 (Wallac OY, Turku, Finland).
3 H-thymidine uptake was expressed as mean counts per minute 142 (cpm) of triplicate samples. The results were confirmed by cell counting using trypan blue. 143
Page 7 of 34 A c c e p t e d M a n u s c r i p t 7 Celltiter assay. The cells (10 000 cells/well), seeded into 96-well plates for 24 h, were 145 incubated with different concentrations of PMA for 1-20 h at 37 °C in 5% CO 2 and 95% air. 146
After adding 100 μl/well of celltiter 96 reagent solution (5mg/ml), the plates were incubated 147 for another 2 h. Optical density was determined at 540 nm using the Viktor fluorescence 148 analyser (PerkinElmer Life Sciences, Turku, Finland). 149
150
Cell migration assay. Migration experiments were performed on 6.5 mm-diameter Transwell 151 (Corning Costar, Bodenheim, Germany) chambers with 8 M pore size. The filters were 152 coated with collagen I (5µg/cm 2 ) and then placed into the lower chamber. Lipid-stripped FBS 153 was placed in the lower chamber as a chemoattractant. Cells were harvested and diluted with 154 RPMI medium containing 0.1% BSA, 100 000 cells were added to the upper chamber and 155 treated as indicated. The chambers were incubated in a humidified incubator at 37 °C in 5% 156 CO 2 / 95% air for 6 h. The cells that traversed the filter and spread on the lower surface of the 157 filter were fixed with 2% paraformaldahyde in PBS for 10 min, and stained with 0.1% crystal 158 violet in 20% methanol for 5 min. The membranes were rinsed and allowed to dry. 159
Nonmigratory cells on the upper membrane surface were removed with a cotton swab. The 160 number of migratory cells/membrane was counted with 40x magnification in eight 161 microscopic fields in a straight line bisecting the membrane. 162
163
Western blot analysis. FRO cells were cultured in 5% lipid stripped FBS medium for 1 day 164 and stimulated with 100 nM PMA for the indicated time. After stimulation, FRO cells were 165 washed 3 times with ice-cold PBS and lysed in cell lysis buffer [10mM Tris (pH 7.7), 150 166 mM NaCl, 7 mM EDTA, 0.5% NP-40, 0.2 mM PMSF (phenylmethylsulfonyl fluoride) and 167 0.5 µg/ml leupeptin], the lysate was centrifuged at 13 000 rpm for 15 min at +4 °C and the 168 supernatant was collected. The protein concentration was determined using the BCA TM Protein 169 performed using Student's t test for paired observations. Three or more means were tested 215 using one-way ANOVA and Dunnett's post hoc test. Curve fitting and statistical analyses 216 were made using the Prism 3.03 program (GraphPad, San Diego, CA, USA). A P-value less 217 than 0.05 was considered significant. 218 M a n u s c r i p t 10
Results

220
Effects of PMA on thyroid cancer cell proliferation. In FRO thyroid cancer cells, PMA 221 decreased the incorporation of 3 H-thymidine in a concentration-and time-dependent manner 222 (Fig. 1A & 1B) . In ARO cells, a substantially higher concentration of PMA was needed to 223 decrease the incorporation of 3 H-thymidine (Fig. 1A) . A PMA-evoked decrease in the 224 proliferation of FRO and ML-1 cells was also seen with the celltiter assay (Fig. 1C) . As some 225 FRO cells detached after PMA treatment, we verified the results by counting all cells in a cell 226 dish. In these experiments we observed an increase in the cell number in control dishes, 227 whereas no increase was observed in cells incubated with 100 nM PMA for 24 h (Fig. 1 D) . In 228 all these experiments neither the phorbol ester analog 4α-phorbol (1 M) nor the 229 diacylglycerol (DAG) analog 1,2-dioctanoyl-sn-glycerol (DOG, 10 M) could inhibit FRO 230 cell proliferation. In order to clarify the mechanism of action of the antiproliferative effect of 231 PMA, we preincubated the cells for 1 h with the PKC inhibitors GF 109203X (10 µM), 232 calphostin C (100nM), rottlerin (10 µM) or GÖ 6976 (1 µM), the MAP/ERK1/2 kinase 233 inhibitors PD 98059 (10 µM) or U 0126 (10 µM), the calcium channel blocker 2APB (50 234 µM), the calpain inhibitors ALLN (50 µM) or ALLM (50 µM) or the PI-3 kinase inhibitor 235 LY 294002 (10 µM). However, all these compounds per se decreased substantially FRO cell 236 proliferation, and were, in addition, unable to attenuate the PMA-induced effect on cell 237 proliferation (data not shown). Thus, the use of these inhibitors made it impossible to draw 238 any conclusions on the mechanisms mediating the antiproliferative effect of PMA 239
When cells treated with PMA for 24 h were washed and replated, the cells continued to 240 grow with almost the same efficiency as control cells (Fig 1E) . We also investigated the 241 effects of PMA on FRO cell morphology. Treatment with PMA resulted in a rapid (within 15 242 min) rounding of the cells (Fig. 1F) . Table 1 ). We were unable to 256 detect any apoptotic cells in this assay. In addition, neither 4α-phorbol nor DOG induced 257 significant changes in the cell cycle (Table 1) . To clarify the mechanism by which PMA 258 induced cell cycle changes, we examined the possible roles of p27 kip1 and p21 PMA resulted in a rapid translocation of PKC, PKC and PKC from the cytosolic to the 272 particulate fractions (Fig. 4) . Densitometric analysis showed that the relative distribution of 273 PKC to the particulate fraction of was elevated by 98.07.1% after 10 min of stimulation 274 with PMA (P < 0.05), although the distribution to the cytosolic fraction was not changed. The 275 distribution of PKC in the cytosolic fraction was decreased by 86.15.5% (P < 0.05), 276 whereas the distribution to the particulate fraction was increased by 79.612.7% (P < 0.05) 277 after 10 min. The distribution of PKC was also altered; the cytosolic fraction was reduced by 278 72.214% (P < 0.05) and the particulate fraction increased by 91.14.9% (P < 0.05), after 10 279 min of stimulation. PMA was without a significant effect on the distribution of the PKC 280 , whereas an increase was still seen in PKC-294 depleted and control cells (Fig. 5D & Table 3 ). 295
Effects of PMA on the phosphorylation of MAP kinase, Akt and FOXO1. Upon short 296 stimulation (0-60 min) of FRO cells with PMA, the phosphorylation of MAP kinase at Thr-297 202/Tyr-204 increased, but decreased significantly after 24 h of treatment (Fig. 6A&B) . PMA 298 was without an effect on the total amount of MAP kinase in the cells. Furthermore, the 299 phosphorylation of Akt at Thr-308 was decreased after a 30-min stimulation (Fig. 6C) . 300
Finally, PMA stimulation resulted in an increase of the phosphorylation levels of FOXO1 at 301
Ser-256 after a 30-min stimulation, whereas the phosphorylation was decreased after 24 h of 302 stimulation (Fig. 6 D&E) . We could not observe any PMA-evoked effects on the 303 phosphorylation of FOXO1 at Thr-24, either at 30 min or 24 h of stimulation and were unable 304 to detect an effect of PMA on the total amount of FOXO1 after either a 30 min-or a 24 h-305 stimulation (data not shown). 306
307
Discussion
308
In the present study we show that PMA is an inhibitor of FRO thyroid cancer cell 309 proliferation and migration. Our results suggest that the antiproliferative effect of PMA was 310 due to an arrest of the cells in the G1-S phase of the cell cycle. This arrest was the result of a 311
PKCδ-mediated upregulation of the cdk inhibitory proteins p21 waf1/cip1 and p27 kip1 and a 312 downregulation of cyclin D3, cdk4, and cdk6. In addition, we observed a susbstantial 313 hypophosphorylation of the Rb-protein. FRO cells were treated with vehicle (C), or with 100 nM PMA for 24 h and western blot 518 analysis were performed. Densitometric results were corrected by normalization for ß-actin 519 expression except with pRb (Ser780) and pRb (Ser795) which were normalized against the 520 total Rb. Values given are the mean ± SEM of three independent experiments. *, P < 0.05 521 compared with respective control value.
A c c e p t e d M a n u s c r i p t 24 . Densitometric results 528 were corrected by normalization for ß-actin Values given are the mean ± SEM of three 529 independent experiments. *, P < 0.05, **, P < 0.01 compared to the respective control value. 530 M a n u s c r i p t . Anti-ß-actin 600 antibody was used to normalize for protein loading. Each experiment was performed 3 times. 601 602 Figure 6 : Effects of PMA on the phosphorylation levels of MAP kinase, Akt and FOXO in 603
